The aim of the present study was to investigate the gait and muscle strength characteristics in total knee arthroplasty (TKA) patients with patellofemoral pain syndrome (PFPS) before and six months after surgery. Eight patients (4 men and 4 women) aged 58-77 years with PFPS following unilateral TKA who had primary degenerative knee OA participated in the study before and six months after reoperation. In patients was registered the active range of motion (AROM) of knee extension and flexion, hip abduction and adduction. Isometric maximal voluntary contraction (IMVC) force of knee flexors, extensors, abductors and adductors was measured and gait kinematic characteristics and kinetic characteristics of knee joint were recorded. Knee flexion AROM in the involved leg was significantly lower (p<0.05) as compared to the uninvolved leg pre-and post-surgery. The patients had greater (p<0.05) hip abduction AROM and significant increase (31%, p<0.05) of IMVC force of the involved legʼs hip abductors postoperatively as compared before surgery. Six months after surgery 38 H. Gapeyeva et al. a significant (p<0.05) improvement of gait spatiotemporal characteristics (increase of swing time and stride length (p<0.05), together with decrease of stance time and cadence, as well increase of stride length) was noted in the involved leg. In TKA patients 6 months after reoperation due to PFPS the knee joint function in involved leg was significantly improved and the positive changes in gait with comfortable velocity took place as compared before surgery.
INTRODUCTION
Patellofemoral complications following total knee arthroplasty (TKA) continue to be a significant source of postoperative morbidity and revision surgery. The possible complications include patellofemoral instability, extensor mechanism impairment, soft tissue impingement, prosthetic wear or loosening, and osteonecrosis [18] . Patellofemoral pain syndrome (PFPS) can be defined as anterior knee pain or retropatellar pain in the absence of other specific pathology [6] .
Cooney et al [5] retrospectively reviewed 361 patients who had a revision total knee arthroplasty done for an extensor mechanism problem to assess the prevalence, etiology, and risk factors of subsequent reoperation. The prevalence of reoperation was 23% and 84 patients were reoperated for one or more times. The average time until the first reoperation was 2.4 years. The cumulative risk of a reoperation for any reason was 7% 1 year, 19.6% 5 years, and 35.9% 10 years after index revision. The authors found that the most common reason for reoperation was a new or recurrent patellofemoral problem, which accounted for 33% of the first reoperations. By data of Sierra et al [23] the average time from index revision total knee arthroplasty to the first reoperation was 3.5 years (range 1 day-19 years) and the cumulative risks of the first reoperation at 5, 10, and 15 years were 16.1%, 26%, and 31.4%, respectively.
A retrospective analysis of 2188 total knee arthroplasties performed during six years (2002) (2003) (2004) (2005) (2006) (2007) in Tartu University Hospital revealed that reoperation was conducted in 2.1% of cases (47 patients). Reoperation burden was 1.5% in unconstrained GEMINI SL (LINK), 2.6% in semiconstrained PFC (De Puy) and 1.3% in constrained rotational hinged knee (LINK). Normal alignment of the PF joint in the axial X-ray was differentiated in 3 patients (6.4%) and other had lateral pressure syndrome -34 patients (72.3%) and patellar subluxation or necrosis -10 patients (21.3%) [11] .
The level of ROM limitation and joint contracture localization define the functional limitations of a patient [4, 16] . It has been suggested that an imbalance between the vastus medialis and vastus lateralis muscle forces causes abnormal tracking of patella, resulting in reduced contact areas, increased stresses, and patellofemoral pain [3] . Knee extensor (KE) muscle forces play an important role in determining the medial-lateral force balance, contact force and pressure distribution of the patellofemoral joint [3, 8, 13] . In a review article [2] on kinematic gait characteristics associated with PFPS it was noted that during walking, individuals with PFPS can exhibit impaired ankle joint kinematics and a possible reduction in gait velocity. Previously, it has been demonstrated that persistent gait abnormalities are comparable between patients with different type of knee joint prostheses (posterior-stabilized, cruciate-retaining and cruciate-sacrificing prostheses) [26] . The data regarding the gait biomechanics for TKA patients with PFPS patients is not well documented.
The aim of our study was to investigate the gait and thigh muscle characteristics in TKA patients with PFPS before and six months after surgery. It was hypothesized that gait velocity and other kinematic data can be improved in TKA patients with PFPS 6 months after surgery.
MATERIALS AND METHODS

Subjects
Eight patients (4 men and 4 women, mean age 66 years, range 56-77; BMI 31.9 kg/m 2 , range 26-39) with PFPS following unilateral TKA participated in the study before and six months after surgery (Table 1) . Pre-TKA, all patients had primary degenerative knee OA in stage III or IV according to Kellgren-Lawrence Scale and were scheduled for the first TKA. The patients had patellofemoral compartment involvement in OA in the operated knee joint. The duration of symptoms before TKA was 9.3±2.5 years (range 3-20 years) and reoperation due to PFPS was performed 18.8±3.5 months (range 6-36 months) later. Patients in the PFPS group were confirmed with the presence of pain and/or tenderness upon palpation of the patella; experienced diffuse anterior knee pain for at least 6-12 months and had increased knee pain when descending stairs and during physical activity. Exclusion criteria were any other joint replacement of lower limbs, other orthopaedic dysfunctions, rheumatoid arthritis, neuromuscular or neurodegenerative diseases, significant cardiac or pulmonal problems. The patients were evaluated twice: preoperatively and six months after reoperation. Before the beginning of the testing session, all subjects completed an informed consent form. The study carried the approval of the Ethics Committee of the University of Tartu.
Measures
Surgical procedures
For TKA, the condylar endoprostheses GEMINI (W. Link Gmbh & Co, Germany) with a rotating plateau were used in case of moderate knee varus deformity (up to 10 o ) and stable knee ligaments (in 4 patients). By using this type of prostheses the posterior cruciate ligament was retained. The condylar endoprostheses PFC with posterior joint stabilization (Johnson & Johnson, USA) were used in case of more severe knee varus deformity (up to [20] [21] [22] [23] [24] [25] o ) and instable knee ligaments (in 4 patients). The posterior cruciate ligament was sacrificed in these cases. A fixed polyethylene insert was used. The patella was not resurfaced.
Two kinds of reoperations were performed in TKA patients with PFPS -patella endoprosthesis (resurfacing) or patella resection (reshaping).
Active range of motion
The knee flexion, extension, and hip abduction and adduction active range of motion (AROM) were measured by standard mechanical goniometer Gollehon Extendable Goniometer (Lafayette Instrument, USA) and standard guidelines [4] . Three measurements were taken for each joint and the best result was accepted for future analysis.
Isometric maximal voluntary contraction force
Thigh muscle isometric maximal voluntary contraction (IMVC) force in flexion, extension, abduction and adduction was measured by handheld dynamometer (Lafayette Manual Muscle Test System, Lafayette Instrument Company, USA). Hand-held dynamometer is a reliable and valid assessment tool for measuring strength of the hip and knee muscle in older adults [1] .
During the IMVC force testing of knee extensor muscle the subject was in seated position on a therapeutic table with knee flexed to aproximately 90º. IMVC testing of knee flexor muscle was performed in prone subject, flexion of the knee between 50 o and 70 o [12] . The subjects were required to exert maximum strength, pushing against the dynamometer for approximately 3 s as hard as possible with rest period of 1 min. The noninvolved leg was tested first, followed by the involved leg. The best result from three trials was taken as isometric maximal voluntary strength. All assessments were performed by the same physiotherapist.
Gait characteristics
Gait kinematic and kinetic characteristics were recorded using the ELITE motion analyzer with six infrared cameras with a sampling rate of 100 Hz and Elite Clinic software (BTS SpA, Italy). Twenty passive reflecting spherical markers with the diameter of 15 mm were attached to the selected anatomic points of body according to the Davis protocol [7] : three markers on the shoulders, three markers on the pelvis, three markers on each thigh, three markers on each calf and one marker on each foot. The subjects were requested to walk with at their comfortable velocity along a 5.3-m walkway. Three to five trials were recorded and the trial with stable walking cadence (without deor accelerations) was taken for analysis.
The following spatiotemporal parameters of gait were recorded: walking speed, cadence, stride length, stance and swing time, singlelimb and double-limb support time. Kinematic and kinetic characteristics of knee joint flexion and extension -range of motion and corresponding moment of force of knee joint flexion and extension were estimated. Gait characteristics were normalized to gait cycle (cycle duration = 100%).
Knee joint pain Self-estimation of pain and stiffness of knee joint and physical function during recent 48 hours was performed using Western Ontario and McMaster Universities Index of Osteoarthritis (WOMAC) questionnaire [15] . The questionnaire includes 24 questions, five of which estimate pain, two -stiffness and 17 -functional ability. Smaller scores characterize greater impairment of function. Pain subscale (state without pain gives 20 points) and physical activity subscale (state with better physical activity gives 68 points) are included in Table 1 .
Statistical analysis
Data are means and standard errors of means (± SE) and range (minmax). Studentʼs paired t-test was used to find differences of data before and after reoperation and unpaired test to compare data of the involved and uninvolved leg. For WOMAC scores statistical analysis was performed using non-parametric tests (normality of scores distribution was tested within each group using the KolmogorovSmirnov test). Comparison of the post-to the preoperative scores was estimated by Wilcoxon test. A level of p<0.05 was selected to indicate statistical significance.
RESULTS
In the present study TKA patients with PFPS reported to have less pain in knee joint and improved physical function (p<0.01) estimated by WOMAC scores ( Table 1 ). The involved legʼs knee flexion AROM was significantly lower as compared to the uninvolved leg pre-and post-surgery ( Figure 1A ). This characteristic of the involved leg did not change significantly (p>0.05) post-surgery as compared before it. The patients had greater hip abduction AROM of the involved leg 6 months after surgery as compared before it (p<0.05) ( Figure 1B) . AROM of knee extension and hip adduction of the involved leg 6 months post-surgery did not differ significantly (p<0.05) from pre-surgery data (data are not shown here). Six months after surgery lower IMVC force (p<0.05) of the involved leg in TKA patients with PFPS was noted as compared to the uninvolved leg ( Figure 1C ). The patients also demonstrated lower IMVC force (p<0.05) of the involved legʼs hip abductor muscle presurgery as compared to the non-involved leg ( Figure 1D ). No significant differences were noted in this characteristic 6 months after surgery between the involved and uninvolved leg. Six months after surgery a significant increase of swing time (p<0.01) and swing time as per cent of stride (p<0.05) and stride length (p<0.05) of the involved leg were noted in patients as compared to pre-surgery (Table 2) . Postoperatively patients demonstrated a decrease (p<0.05) of stance time and cadence as well increase (p<0.05) of stride length as compared to before surgery. Changes in spatiofemoral characteristics of gait are presented in Figure 2 . The greatest differences of the above mentioned gait characteristics were noted in the swing time value (21%) (Figure 2 ). TKA -total knee arthroplasty; PFPS -patellofemoral pain syndrome; IL -involved leg; NIL -noninvolved leg; *p<0.05 as compared involved leg with noninvolved leg; NS -not significant difference (p<0.05) as compared data before and after surgery. No significant differences (p>0.05) in other temporal and distance, as well as in kinematic and kinetic characteristics of knee joint as compared pre-and post-surgery were found. The tendency to improve the moment of force of knee joint flexion and extension was noted in patients 6 months after surgery (Figure 3 ). 
DISCUSSION
The present study investigated gait spatiofemoral and knee joint kinematic and kinetic characteristics in TKA patients before and 6 months after reoperation due to PFPS. The main finding of the study was that 6 months after surgery take place: (1) significant improvement in selfestimated knee joint function; (2) increase of hip abduction AROM and IMVC force; and (3) improvement of few gait spatiofemoral characteristics (increase of stride length and decrease of gait cadence). The high mean BMI was noted in patients with post-TKA PFPS. It has been reported that knee joint OA is associated with an increase in body mass and more obese subjects had the greater reduction of the KE strength [24] . In our study, patients demonstrated significant improvement of knee joint function by WOMAC scores after reoperation. In a retrospective study [22] where subjects were TKA patients aged 62-84 years (the post-surgery period was 6-7 years), no statistical significance was noted between men and women concerning differences in anterior knee pain after surgery.
TKA patients with PFPS demonstrated before and 6 months after surgery lower AROM (12% and 19%, respectively) and IMVC force (8% and 20%, respectively) of the involved leg for knee flexion as compared to the uninvolved leg. The incidence of flexion deformity following TKA is shown as high as 17% [25] , but no differences were noted in knee extension of stance phase between TKA patients and healthy controls [10] . Previously it has been found that quadriceps muscle strength decrease in patients with orthopaedic problems evokes changes in body balance and gait [16] .
In the present study, patients demonstrated significant increase (31%) of IMVC force of the involved legʼs hip abductors postoperatively as compared before surgery. The importance of paying attention to appropriate balancing of the patellofemoral soft tissues was emphasized in studies of patellofemoral pain after TKA [20] and of the effect of soft tissues on patellar tracking [21] .
Significant improvement of gait spatiofemoral characteristics was noted in the present study 6 months after surgery -greater increase (prolongation was found in swing time (21%), this was accompanied with shortening of stance time distribution in gait cycle ( Figure 2) . As a result of improvement of hip abductor strength, the gait stride was 8% longer and cadence was 9% less post-surgery as compared before it. The study of McClelland et al [14] demonstrated the ability of TKA patients to increase walking speed by adjusting spatiotemporal parameters. From comfortable to fast walking the velocity in the TKA group was increased similarly to healthy controls -as a result of an increase in both stride length and cadence. 6 months after surgery no significant improvement in gait velocity was noted. Patients in the present study had lower gait velocity (0.96 pre-and 0.97 m/s postsurgery) and cadence as compared to the data of Besier et al [3] who found that PFPS subjects walked and ran with similar speed, stride length, and cadence to the control groups of males and females.
TKA patients with PFPS had no significant improvement in kinematic and kinetic characteristics of knee joint after surgery as compared pre-operatively. The tendency to improve the moment of force of knee joint flexion and extension was noted -in first maximum extension in early stance (mean increase of 85%) and in second maximum extension moment in terminal stance (increase of 23%). The study of Ouelett and Moffet [17] demonstrated that TKA patients walked with a more flexed hip in stance phase and a less flexed knee and plantarflexed ankle during early stance and had a significant decrease in extensor and flexor moments at the hip and knee throughout the gait cycle. It has been found that at the knee joint, altered tibiofemoral rotation and an increase of knee adduction during the stance phase of gait result in lateral patellar tracking and increase lateral patellofemoral joint compression [19] . It has been found that compared to healthy controls, the PFPS group had greater cocontraction of quadriceps and hamstrings during walking, even though the net knee moment was similar between groups [3] .
The limitation of the present study is a small number of patients who were evaluated.
In conclusion, the study demonstrated that in TKA patients 6 months after reoperation due to PFPS the knee joint function was significantly improved -hip abduction active range of motion and isometric force were increased. At the same time the positive changes in gait with comfortable velocity were found: increase of the stride length and decrease of cadence as well as normalisation of gait cycle phases took place.
